SUBJECTS AND METHODS
Twenty-one subjects undergoing cardiac catheterization were selected for this study (Table 1 ). They include 6 with the hypertrophic type of idiopathic cardiomyopathy, 3 with the congestive type, 4 with hypertensive heart disease, and 3 with ischemic heart disease. No patient received a vasoactive drug at the time of catheterization.
Five subjects with chest pain or cardiac murmur had no discernible cardiac disorders and served as controls.
Informed After the completion of usual laboratory measurements, resting cineventriculography was carried out through a pigtail 8F catheter positioned in the left ventricle.
When left ventricular enddiastolic pressure (LVEDP), aortic pressure (AOP) and heart rate (HR) had returned to the preangiographic levels, which usually occurred within 10 to 15 min, the patient was then asked to perform sustained handgrip.
Sustained handgrip on the dynamometer was performed with the right hand at a tension level of 30% of the maximal voluntary contraction for a period of 3 min. Maximal voluntary contraction was determined immediately before the exercise test. During the test period, pressures and electrocardiogram were monitored continuously and recorded with fast paper speed at the first, second, and third minutes of the exercise. A second ventriculography was obtained during the last minute of the test period in a way similar to that obtained during the rest period. Each patient was carefully instructed to avoid a Valsalva maneuver during handgrip and cineventriculography.
Left ventriculography was performed with the patient lying in a 30 degree right anterior oblique position, and 0.8 ml/kg of 76% diatrizoate were injected by a power injector (Contrac, Siemens 3E) into the left ventricle at a rate of 17 ml/sec. Cineventricu lograms were filmed at 100 frames/sec and recorded on 35 mm film. The patient position, the distance between the table top and the image tube, the amount of contrast media, and the rate of injection for each patient were the same in the control and loaded states. IHD, ischemic heart disease; BSA, body surface area. stress. In the present study, we used sustained handgrip as a means of applying acute stress, and left ventriculogram obtained during handgrip was compared with that taken at rest. Volumetric analysis showed that in normal subjects, handgrip led to a slight increase in LVEDV associated with a prominent decrease in LVESV, and consequently SV and EF increased. In contrast, exercise caused a different response in the patient group, in which LVESV increased, SV remained unchanged and EF decreased although the changes in LVEDV were similar to changes in the normal subjects. An increment in heart rate during exercise would be likely to cancel the increase in LVEDV by a shortened diastolic filling period. However, LVEDV increased during exercise despite the increased heart rate. Since LVEDV represents the indirect index of initial myocardial fiber length, the results provide an evidence that the Frank-Starling mechanism is utilized to overcome the increased pressure loading by handgrip exercise in both groups. Krayenbuehl et al. (1975) stated that in the volumetric studies using the combination of atrial pacing and sustained handgrip exercise, LVEDV, SV and EF during exercise increased significantly in patients without coronary artery disease. This finding is in agreement with the results of our work with the control subjects. On the other hand, Flessas et al. (1976) reported in 9 normal subjects that handgrip induced a decrease in LVEDV and LVESV, and constant EF. The reason why the response of handgrip to LVEDV in their experiment was different from our result could be related to the extent of decrease in the diastolic filling period, because the average increase in heart rate was 23 beats/min in their case in comparison with 11 beats/min in our control group.
EF increased significantly with handgrip in normals, but decreased in the patient group. A greater systolic emptying in the presence of increased afterload suggests that an increment of left ventricular performance during handgrip is achieved from enhanced left ventricular myocardial contractility. Mean VCF, a measure of myocardial contractility, increased in normals and remained constant in patients; and the changes in mean VCF during exercise were significantly correlated with the alterations in SV and EF ( Figs. 1 and 2 
